1. Penicillium chrysogenum and Aspergillus flavus degraded benzylpenicillin in the same way. 2. Degradation of the antibiotic was initiated by the cleavage of phenylacetic acid from 6-aminopenicillanic acid. 3. Phenylacetic acid was left unchanged whereas 6-aminopenicillanic acid was degraded into cysteine and valine. This reaction is probably complex. 4. Cysteine was not utilized but valine was cleaved into acetone and glycine. Catabolism of valine by the preformed mats of the two moulds confirms this result. This step probably involves the formation of propan-2-ol. 5 . Cleavage of benzylpenicillin into phenylacetic acid and 6-aminopenicillanic acid was performed through the activity of a cellular-bound enzyme. Sakaguchi & Murao (1950) reported the presence of 6APA* in the enzymic hydrolysate of benzylpenicillin by the mould Penicillium, but they did not follow up the various chemical changes that took place.
In the present work the degradation of benzylpenicillin by preformed mats of two penicillinproducing organisms was followed quantitatively by using paper chromatography for the assay of the various metabolites.
A non-pigmented ultraviolet-induced mutant of Penicillium chrysogenum (N.R.R.L.Q 176) and a local strain of A8spergiUusJlavus were used throughout the present study.
The former secretes the G type whereas the latter produces the F and H2F types of penicilins.
The two moulds were allowed to develop their mats on a medium of the following composition (g./l.): sucrose, 30; NaNO3, 3-0; KH2PO4, 1-0; KCI, 0-5; MgSO4,7H20, 0-5; FeSO4, 0-005. The incubation period lasted for 3 days at 240, when fully-grown mycelial mats were obtained. The metabolism solutions were poured off and replaced by the EXPERTIENTAL The sodium benzylpenicillin used throughout the present study had a potency of l650units/mg. The rest of the chemical reagents were all of the A. R. grade. The various degradation products were quantitatively assayed by the paper-chromatographic zone-strip technique described by Shimi and co-workers (Shimi, Nour El Dein & Imam, 1961; Shimi, Imam & Dewedar, 1961; Shimi & Imam, 1965 (Reio, 1959) . The amino acids were located with ninhydrin solution in acetone (Reio, 1959) . 6APA was assayed by the method described by Alicino (1961) and frequently checked by the paper-chromatographic zonestrip technique. Differences never exceeded+ 2%. The development temperature was 25-27'.
Compound Acetone 2,4-dinitrophenylhydrazone Phenylacetic acid Gluconic acid Cysteine Glycine Valine 6APA (freshly prepared) k value 1-00+0-02 0-79+0-01 0-66+0-03 1-15+0-03 1-36+0-04 1-12+ 0-02 0-80+0-02 same volume ofa salt solution that had the same composition as the growth medium except that sucrose was lacking. This solution kept the mats in physiologically active condition. The cultures were incubated at 240 for 24hr. and the solutions were then decanted and finally replaced by equal volumes of penicillin solution (200mg./lOOml.) in phosphate buffer, pH6.2. A quintuplicate set of 250ml. conical flasks, each containing 50ml. of the antibiotic solution, was always used for each strain. Also, a set of control flasks that lacked the antibiotic was set up and incubated with the rest of the flasks. To examine the stability of 6APA, 0-2g. was dissolved in lOOml. of the buffer and kept at 240 for 24hr. Subsequently, the ultilization of valine by the preformed mats was investigated. The same experimental steps were adopted with a solution of 0-05g. of valine/lOOml. of the buffer. Finally the liquid contents of the control flasks (lacking the added antibiotic) were separated from the mats and centrifuged at 5000 g, to free them from the suspended cell debris. The clear solutions were then supplemented with benzylpenicillin (200mg./lOOml.) and incubated at 240 for 72hr. Samples were withdrawn from the different sets at intervals and assayed for their contents of organic acids, amino acids, ketones and aldehydes by the zone-strip technique.
Identification of the different metabolites was simultaneously conducted during their assay by the zone-strip technique. The metabolism solutions were spotted on Whatman no. 1 filter sheets in line with and in between two spots of the authentic compound suspected to exist. These sheets were separately developed with different solvent systems (Block, Durrum & Zweig, 1958) . These developing solvents were selected in such a way that would produce low, moderate and high 1F values for each compound. A compound was considered to exist in the metabolism solution if its spot lay in between the two spots of the corresponding authentic sample with the different developing solvents. The presence of glycine was further confirmed by spraying the corresponding areas with acetone solution of o-phthalaldehyde (Curzon & Giltrow, 1954 The 6APA and phenylacetic acid were also isolated and characterized. All the results given in Table 2 and Figs. 1 and 2 refer to 500ml. of the culture fluids.
RESULTS AND DISCUSSIONS
Benzylpenicillin was completely inactivated by the preformed mats of the two moulds, the process being more pronounced in cultures of P. chrysogenum. The antibiotic molecule was cleaved into phenylacetic acid and 6APA at the amide linkage of the side chain by hydrolysis (Scheme 1, step a). Phenylacetic acid was not attacked by the moulds, but 6APA was degraded by the myceial cells. About 43% and 35% of 6APA (calculated on basis of the original content of penicillin) were left unchanged in cultures of P. chry8ogenum and A. flawtm respectively. That 6APA remained unchanged in the flasks devoid of the mycelial mats excludes the possibility of its spontaneous decomposition.
Further utilization of 6APA took place through its split into valine and cysteine (Scheme 1, step b). This step is probably complex and it took place via hydrogenation and hydration of 6APA. Since L-valine is readily available to the moulds, the transformation of D-vahne moiety of 6APA into theL-formbefore being degraded would be expected. The content of cysteine increased gradually during progressive periods of incubation, and that of valine reached a maximum and then gradually fell. This may be attributed to the failure ofthe mycelial cells to utilize cysteine (Wolf, 1948) ; valine could be consumed and degraded. Valine was degraded with the simultaneous appearance of glycine and acetone (Scheme 1, step c). Acetone yields accounted for nearly 90% of the calculated amounts, as a fragment ofvaline, but glycine contents were far below the values expected as the rest of the valine molecule. This may be due to its possible utilization (Arnstein & Grant, 1954; Stevens & De Long, 1958; Demain, 1959) . The degradation of valine by the preformed mats of the two moulds was confirmed by its supplementation to the culture fluids of the organisms. Valine was degraded by the two moulds in the same fashion though to different extents (Table 2) . That acetone and glycine were the only degradative products detected during the initial periods of incubation seems to exclude other possible catabolic routes for valine. The delayed appearance of acetoacetate suggests its synthesis from the acetate units formed through the deamination of glycine; the pyruvate might be a metabolic product ofany ofthe sequence of reactions stimulated by the presence of acetate.
The cleavage of valine to acetone and glycine might be initiated via a hydrolytic split of the amino acid to yield propan-2-ol and glycine. The alcohol would then be oxidized to acetone (Osburn, Brown & Werkman, 1937) .
The control flasks contained minute amounts of gluconic acid and cysteine. The addition of benzylpenicillin to the liquid contents ofthe control flasks after they had been liberated from the mycelial cells did not result in inactivation of the antibiotic. This proves that the biological breakdown of benzylpenicillin to phenylacetic acid and 6APA by the preformned mats of the two moulds was carried out by cellular-bound enzyme. The hydrolysis of benzylpenicillin to phenylacetic acid and 6APA is catalysed by enzymes present in various micro-organisms (Sakaguchi & Murao, 1950; Cole, 1964; Kaufmann & Bauer, 1964) .
